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The fatty acid composition of sebaceous wax esters 
was examined in 20 children, ages 6-8, using quartz 
capillary gas chromatography . The results were com-
pared with ~ previously ~eport_ed study of wax e~ter 
composition m 10 adults, m which the same analytiCal 
techniques were used. The children's wax esters showed 
more variability in the proportions of all fatty acid chain 
types than was found in adults. The most striking dif-
ference between the 2 age groups was in the proportions 
of iso-branched fatty acids with odd numbers of carbon 
atoms. These ranged from 1-26% of fatty acids in the 
children's wax esters but were not more than 3 % of fatty 
acids in the adults' wax esters. . 
Some of the variability in wax ester fatty acid com-
position in children seemed to be related to variation in 
rates of sebum production. The highest percentages of 
terminally branched (iso-even, iso-odd, and anteiso) and 
the lowest perce ntages of internally branched fatty acids 
were found in the children with the lowest rates of 
sebum secretion. However, even in childr.en with si?'ilar 
rates of sebum secretion there were considerable differ-
e nces in wax ester fatty acid composition, especially 
with respect to iso-even fatty acids. The results suggest 
t hat sebum fatty acid composition is influenced both b y 
genetic factors and by limitations on the sup~ly of pre-
cursors for terminally branched, but not mternally 
branched, fatty acids . 
The possibility t hat sebum fatty acid composition may 
change with age was suggested by Rothman et a l in ~947 [1], 
as an ex pla nation for t he susceptibility of young cht!dren to 
Mic rosporum. audou.ini scalp infections. K ligman [2] disputed 
t h e microbiologic results of Rothman et al, but t he question of 
wh eth er sebum fatty ac id composition rea lly does change wit h 
age never has been answered properly. Tl~e. problem has been 
t h at progress in establishing age-related d1fferences has had to 
await progress in ident ifying t he numerous and unusual fatty 
acid constitutents of sebum. 
One unusual aspect of t he fatty acid cha ins in sebum is the 
position of double bonds . In cont rast to ~ost other animal and 
p lant t issues, human sebaceous gla nds _msert double bonds at 
t he .6.6 posit ion (rather t han the t.9 pos1t10 n) of saturated fatty 
ac ids [3). It has been found , however, t hat human feta l sebum 
(vernix caseosa) can contain a large proportion of fatty acids 
with .69 double bonds (4,5 ). Higher proportions of the t.9 fatty 
acids seem to be assoc iated with lower rates of fetal sebum 
secretion [6). Also, young children and ve ry elderly individuals, 
2 age groups which te nd to have low rates of sebum secretion, 
have been reported to have 69 fatty ac ids in their sebum [7) . 
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Thus, t he factor cont rolling t his aspect of sebum fatty acid 
composition seems to be not age per se, but rather rates of 
sebum sec retion . 
Another unique aspect of sebum composit ion is its complex-
ity in terms of t he different types of straight and branched 
fatty acid chai ns present . Using t he technique of capillary gas 
chromatography/mass spectroscopy, Nicolaides [8) and Nico-
laides and Apon [9,10) ident ified t he fatty acid chain types in 
sebum and proposed a biosynthet ic scheme which accounts for 
a ll of t he structures found (9). The scheme proposes that human 
sebaceous glands use 5 different fatty acid primers. These are 
the CoA derivatives of acetate, propionate, isobutyrate, isoval-
erate, and 2-methylbutyrate. When extended with 2-carbon 
uni ts derived from malonate, these primers would give rise to 
stra ight-even , straight-odd, iso-even, iso-odd, and anteiso-odd 
fatty acids respectively. Internally-branched fatty acids, of 
which t here are many types, were proposed to arise by substi-
t ution of methylmalonate extender units for 1 or more malonate 
uni ts [8). This methylmalonate pathway has been demonstra-
ted biochemically in avian preen gland tissue [11]. 
In the present study, the proportions of various straight and 
branched fatty acid chain types in t he sebaceous wax esters of 
young children were determined and compared with previously 
published results for adults [12). Estimates of relative rates of 
sebum secretion were also made and the data were examined 
for a possible effect of sebum secretion rates on t his aspect of 
sebaceous fatty acid composit ion. 
MATERIALS AND METHODS 
S ubjects and Collection of Lipid 
The subjects were 20 children, ages 6- 8. Informed consent was 
obtained both from the children and from their parents. Skin surface 
lipid was obtained by pouring 400 ml of 95% ethanol t hrough t he child 's 
hair at least 5 days after shampooing. The extract was collected in a 
stainless steel bas in , the solvent was then removed in a rotary evapo-
rato r, and the lipid residue was stored at -20"C unti l processed. 
Analysis of Scalp Lipids 
The lipid class composition of the scalp lipid samples was analyzed 
by quantitative t hin-layer chromatography. To do this, t he scalp lipid 
samples were dissolved in chloroform at a concentration of 100 mg/ml. 
Aliquots of 1 11l were spotted on 20 x 20 em glass plates coated with 
0.25 mm layers of silica gel G, which had been scored in to 6-mm-wide 
lanes. The chromatograms were developed with hexane to t he top, t hen 
to luene to the top, and finally twice to 10 em with hexane:ether:acetic 
acid, 70:30:1. The developed chromatograms were sprayed with 50% 
aqueous sulfuric acid and the lipids were charred by heating slowly to 
220"C on a hotplate. The spots were quant ified by photodensi tometry 
[13,14] and the percentage of each lipid class was calculated using 
appropriate correction facto rs fo r carbon content [1 3]. 
Isolation. and Analysis of Wax Esters 
P rocedures were t he same as those described by Green et a! [12] . 
Briefly, wax esters plus cholesterol esters were isolated from t he scalp 
lipid by ch romatography on silica gel G and then t he wax esters were 
isolated by chromatography on Mg(OHh Fatty acid methyl esters were 
prepared from the wax esters, separated in to saturated and monoun-
saturated fractions by chromatography on AgN03-impregnated silica 
gel H , and analyzed by gas chromatography using a 50 m x 0.2 mm 
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FIG 1. Percentages of various straight and methyl-branched fatty 
acid chain types in the skin surface wax esters of young children, 
plotted as a fun ction of the ratio of wax esters/(cholesterol + cholesterol 
esters) In t he original lip id. This ratio is a measu re of wax ester 
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vitreous quartz column wall coated with OVlOl (Scientific Glass En-
gineering, Austin, T exas). Fatty ac ids with 2 or more double bonds, 
which form less than 10% of the tota l, were not examined in t his study. 
Peak ident ification was based on relative rete nt ion t imes wh ich were 
compared with published va lues [11] . Peaks emerging before the 14-
carbon iso-bra nched or a fte r the IS-carbon stra ight species were omit-
ted from the data, as were any peaks constitut ing less than 0.1% of t he 
tota l. 
Estimation of Sebum Secretion Rates 
It was found previously [15] that t here is a linear correlation ( r = 
0.94) between t he rates of secretion of wax esters (a purely sebaceous 
lipid class) on the fo reheads of young children and the ratios of wax 
esters/(cholesterol + cholesterol esters) in the forehead skin surface 
lipid. This result co nfirmed earlier evidence that skin surface lipid 
composition in children is an indicator of sebum secretion rates [16]. 
In t he present study, the ratios of wax esters/(cholesterol +cholesterol 
esters) in the scalp lipid were used as a measure of relative rates of 
sebum secretion on the scalp. 
RESULTS AND DISCUSSION 
Comparison of Children 's and Adults' Wax Ester Composition 
Fatty ac ids occur in sebum in esterified for m as t riglycerides, 
wax este rs, and cholesterol este rs. For comparisons between 
individuals, or between age groups, it has been thought best to 
isolate and analyze t he wax ester fraction [5]. because other 
fract ions may conta in some lipid of epidermal or other extra-
neous origin, and also because wax esters are not subject to 
hydrolysis by skin bacte ria as are t riglycerides. In a recent 
study wi t h adul ts, Green et al [1 2] showed that t here are 
consistent differences between individua ls with respect to the 
various straight and branched chain types in wax ester fatty 
acids. The greatest differences were in t he category of iso-even 
fatty acids. The individual patterns are probably genetically 
controlled, since it was found t hat each individual's character-
istic composition remained unchanged durin g repeated sam-
pling over a 2- mont h period. 
Fig 1 shows the proportions of the various fa tty acid cha in 
types in t he saturated and monounsaturated fatty ac id methyl 
este rs from t he childrens' wax esters. Vertical bars to the right 
of each graph show the ranges fo r each chain type found by 
Green et al [12] in 10 adu lts. There was considerable overlap 
of t he adult values with the children's in all categories except 
iso-odd, which ranged up to more t han 20% in t he children , 
but was much lower in t he adul ts. 
Fig 2 shows chromatograms of t he saturated and monoun-
saturated fatty ac id methyl esters from the wax esters of a child 
with a high proportion of iso-odd fatty acids. The chromato-
grams demonstrate the necess ity of using capillary gas chro-
matography in analyzi ng sebaceous fatty acids, especially the 
saturated fraction. On a packed column, the saturated 15-iso 
peak, which is t he largest in t he chromatogram, would not have 
been correctly identified because it would not have been distin-
guished from the 15-anteiso peak . For comparison, see capillary 
gas chromatograms for 2 adults in Green eta! [12]. 
Effect of Sebum Secretion Rates on Sebum Composition 
The proportions of the various fatty acid cha in types in wax 
esters were more variable among children t ha n among adults . 
Some of t he variation among the children probably is genet ic, 
as in adul ts. However, variation also seemed to result from th e 
la rge differences in rates of sebum secretion found among t he 
secretion rates [16]. The chain lengths included are 14, 16, and 1S for 
stra ight-even and saturated iso-even; 16 and l S for monounsaturated 
iso-even, 15 and 17 for straight-odd, iso-odd, and saturated ante iso; 17 
for monounsaturated anteiso; and inte rnally-branched peaks fa llin g 
between 14-iso and IS-straight for "other". Vertical bars show the range 
for 10 adult subjects [12]. WE/(CH+CE), wax esters/(cholesterol + 
cholesterol esters) . 
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FIG 2. Quartz capillary gas chroma-
tograms of the saturated and monoun-
saturated fatty acid methyl esters from 
the sebaceous wax esters of a child hav-
ing a low rate of sebum secretion and a 
high percentage of iso-odd fatty acids in 
her wax esters. 
I ,;,:{!"''' I I ""II . -~·'--, _--.JJL---:1:-, -----~·:- " '~--f-....Jo...+-,--L....l,- ~-
.,_ Carbons in str aigh t chains .,. Carbons in straight chains 
youn g subjects. This may be seen in Fig 1, in which t he 
percentages of t he various cha in types in the children 's wax 
este r s are plotted versus a measure of sebum secretion rate 
(15]. T h e lowest proportions of in ternally-branched cha in types 
were fo und in t he 6 children with t he lowest ra tes of sebum 
secretion. T hese 6 children also included the 3 with the highest 
proportions of iso-odd fatty chains a nd the 4 wi th t he highest 
proportions of anteiso fatty acids. With respect to proport ions 
of iso-even fatty acids, the children seemed to fall into 2 
populations. This is more evide nt in t he monosaturated fatty 
acids. Within each popu lation, the highest proportions of iso-
even fatty ac ids were found in children with low sebum secre-
tio n r ates. 
Implications for the Origins of Branched Chain Fatty Acids 
!so-even, iso-odd , and a nteiso fatty acids are uniquely seba-
ceous in humans . They a re thought to be synt hesized within 
the sebaceous gla nds by uti li zat ion of isobutyrate, isovalerate, 
or 2-methylbutyrate CoA derivatives as primers for fatty acid 
biosynthesis [9]. No mam ma lia n pathway for t he de novo 
biosyn t h esis of these presumed precursors is known , but t hey 
are metabolites of t he essen t ial am ino acids valine, leucine, and 
iso le u c ine, respectively. Therefore, t hey migh t become availa ble 
whe n cellular protein is degraded during t he last stages of 
sebaceous ce ll diffe rentia t ion. They are a lso found in t he blood 
in low concen t rations [17]. 
The effect of sebum secretion rates on t he proportions of iso-
odd fatty acids seems compatible with leuci ne from sebaceous 
gland protein being t he source of isovalerate._ When sebum 
biosyn t h esis is low, the limited a mount of leucme released by 
protein . degradation might be sufficient to produce a la rge 
proportion o f iso-odd fatty acids. H owever, when sebum biO-
synth esis is hi gh , t he iso-odd fatty ac1ds m1gh~ be dtluted w1t h 
other fatty acid types which can be synt hes1zed enti rely de 
novo. 
In co n t rast, some addi t iona l source of precursors seems to be 
required for iso-eve n a nd anteiso fatty acids. Although propor-
tions of these types of fatty acids appea r to be affected by 
sebum secretion rates, fa irly high proport ions are ma in tained 
in some adul ts [12]. For a nteiso fatty acids, t his addit iona l 
precursor could be methylmalonate, which could give rise to 
ante iso fatty acids if it were t he first extender umt added to an 
acetate primer [8]. It is more difficult to explain the high 
propor t i ons of iso-eve n found in some adult individua ls and the 
genetic control which appears _to exist ove r this type of f~tty 
acid both in humans (12] and m equme spec1es [18]. Poss1bly 
seba'ceou s gla nds have an undi scovered pathway for the de novo 
synth esis of isobuty rate. 
From t he presen t resu lts it appears that no limitation ex ists 
on t he supply of methylmalonate in sebaceous glands. This is 
indicated by the observation that the proportions of interna lly 
branched fatty acids, which are probably made by incorporation 
of t his precursor, tend to be higher when sebum secretion is 
high t ha n when it is very low (Fig 1). 
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